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PURPOSE: To provide a semiconductor integrated circuit which allows storage 
of different page size conversion pairs by storing page size values in an 
address array and changing the range of comparison with a comparator using 
each value read from the array. 

CONSTITUTION: When the value of region SZ 500 are 0 and 1, the page size is 
set at 1KB and 4KB respectively. At the time when the value is 0, 31 to 17 
bits, 11 bits, 10 bits read from an address array 402 are compared with 31 
to 17 bits, 11 and 10 bits of the virtual address by a comparator 404. At 
the time when the value is 1, only 31 to 17 bits of the array 402 and 31 to 
17 bits of the address 505 are compared. When the readout value of the 
array 402 agrees with that of the array 505 and the value of V bit 501 is 
1, the result of comparison 20 makes a hit. When the page size is 1KB, the 
real page numbers, which correspond to the address 505 where 31 to 37 bits 
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ABSTRACT 



are identical and 10.. 11 bits are different are mapped on the same set. 
causing possibility of collision. However, collision can be avoided by 
storing the conversion pair into the same set by setting the tag field 
lower order than the index at 2 bits and 4 ways. 
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"C, WE^*3igB#. GST VlsX<D±.tiL7 Vlsxn 
- KL-rtWBflHROT K^rw fcU&EISSWJf*-* 

& r*u s wotticaKJ # *t »©ffl *« 

J: 9 »R S ft fc II l ©^ «i» & SS* til $ ftfc ^ ft^'ft© 
T Ku*fcttE>J!J4ft5fiaT Ku*0-htt7 
©Hfcl:*rtt:Ri-5*ft©ifcttiai§J:» »1E*«OT K 
u*7 W ©ll&E-r a-^lc i 13 ilft $ftfc!il 2 off* 
j&fcfeR^HSftfc-tft^ftORteS-^-c, ffiffittfto 
x-* 7 wf ©MR^a-aH:: «t (3 Sft SftfcM 2 ©R 

»©M*HR©jtiM**icafr^"c, mttmLn?-* 

T W ©tliEx a— ^ic J: 9 3!ft £ftfc£ l ©«WW»& 

R#w*ftfc*ft*ft©j*7Ki'*©«i s ©i-3, j3«t 

t>\ RE«2©*i/**l::J:9R*3ftfc-Weft©T 

K^*©*© l o£3ft-f am l ©ir * £ SrWi" - 

[R*42] HESftOTKWTW ©*1©R« 

&© * * y -feyi/isiBgtsitj* * y -fe/u©tt*lflr*4«eR 
3fta.5?-*R#i:, RE?*-***©^!**-* 

ilWWB-fe >*R*f SrRRRttfc:'' 5 

Ea»rott»isi*a«, -*©A*«*te, i«je«{Bc©7 
k u * 7 w ©# jwcRrt &na iiUE&miHiggw as* 

r.©t> htttfAftSft*RR©&ffiftRRfrl98J:« 
fflEtttt©«HfcWRa*ia»©aa#y- h RtticBMm 

OS h 5 vs?;* ftS k y h^t 

%fl-f 5 w t &«« Jr-f5R#g 1 lcE*££ftfc¥2£# 

R-fRIslR, 



T W ©•tft^ft©^ 2 ©RRlcf*'-* 

^R«r*U RE«ft©»2©*i'y-*#, SS* 

mL»^#Bitt+««nc. REttft©7 , -y"7 , w©atr 
Ef* = i 9 rr s ft fcR 2 0 tHtt4 a & $ n 

fc-tft«i©R7 KV*WHR LTifFE^ 
KAAU R*ffll,tttf*Mtt*ftfcRI^ tflE$gc© 
7 KWW ©REf f =»-y*lw*9»IR*ft-fcR2© 
«l«d»6K*Hl*ftfc*nw«>lt#, tfrEA^Sft* 
{5$7 KlsX©jirS4HI©7 Ki'.afrSR'fSR'CfcS 

ttE*fto^-*rw«)jii2o«wa»6»*a 

£ftfc*ft*ft©0IT Ki^Kftx-C, ltfrEA*$ft5 
RRT Kv^09r£ttft07 Ku^ftRKLTRER l 

tfHru^icA^-t-a^gfcWu «wa#a#ft#, tt 

E1§&©7 Kv*7 W©R2©RRlcR&i&trtft7 
ft©ffifc. HEiltof WO»2 ©Wfict* 
i&trtft^ftORTKl/^fcWjJrRWRRfcfca, WE 
««0«20tH^#, R*t&LRfW*R*teft*:R 
fc, REA*3ft3R»TKi':*WBr«ttR©TKi'* 
SrSft-fS^lc, fjE3?l©-feW*ri s Se*ffiUftffras 

9 h mum lnti'tj'b ©M fctta**** u 
ilEattO^-^TWOHrEfa-^l!: 

tfFESScOT K^T WOWEfa— ^fcJ: 

iifc*ii«i©ss 2 ©p^t*» e> ss^ai $ nfc^n^n© 
(Sis ttEAA^nafltaTK^^osfjeffiiiorKu 

^2©M^6,s?*ta*n^n ; en©iiT Ku^icft 

*.T, ttEA**n*C«TKU^O0f*ttllOTKU 
^*aft-f5#SSr ; tU WEHIWIR^. WES»© 

£, HEIKftcrKu^TWOiWE^a-^fciBa 

ft $ 2 ® & R^tu $ tbfe^n^nrofit t n 
l *fcttR#*2 icERSixfciMWttljRig 

[0 0 0 1] 

U, #1-. KiiCMOS TLB (Translati 
on Look-aside Buffer) 

[0 0 0 2] 



TlRaEttttr** 1 *! e>ivc^5. 
[0003] ttEffifcEttaaSTHU £$7 Kw* (V 
irtual Address, SnS7 
^ : Log i c a I Address, EAT, VA iffc 
t, ) SHtlTK^ (Rea 1 Address, 
fcSV^tt, ftl7K^:Physica I A d d r 

e s s) £m<D%fcmn*&gk%i e 

[0004] z<D®.mr KU*3SIBIfcS7 K^XgRlO 

[0 0 05] r*lfe^-S?*36**V^tt-<-5?fl:-t 

**i^*i»r*f--f X«^-s?fc *H»v3iitt LfcflMKc 
##J$ft, fiDBr Kv^2IB"CO-»«-i?#* (Vi r t 
ual Page Numbe r t fe5V^ tai^ 
^ — v?#-5§- : Lo g i c a I Page Numbe 
r, EAT. VPNi:IH-5o ) fc*T KV^2IBT?0-< 
— ^ (Rea I Page Number, i)5V^ 
H, ftSSHK— Physical Page 
Numb e r, EAT. PPNt^-fo ) 0*U&Hffi2P 

[0 0 06] HPt,, jgigr K^****?*' 

*y fctMiST 6*1-8. 

[0 0 0 7] fiBJxtf, 3 2tfs> h (VA [31:0]) 
©iKa7K^T7 , *'fe*S*i<5flE87 K^fflM«r4 
KB (*n/tf ©-j^X©^— 
iSM-T h'l'X<n±tiL2 OVyh (VA [31:12]) 

7 K^WTutl 2 f y h (VA [11:0]) 
■^Oft»7K^ (xw'^7'^-^p'> / hfe-5V>tt^- 
7±vY) t LTfifctlS. 

[ 0 0 0 8 ] 6TF, *9M»*Ttt, [m:n] Tmlfy 

[0009] (gar K^xffiim-co^-sHi^w:, Mr 
**9-*9\£*9i , nr K^^aw-co^-' t 

[0 0 10] 4*, ^-S?rt0*B#7 Ki^ttSHftSft 

[ooii] {Ear Ku^ando^—^S^fe, H7 

KU^SWO'S— S?#-S^OS*t4, ^^Dflazj, 
h (M emory Management Unit, 
EAT, MMUt#-r 0 ) fcPptfll5^-Kl?*Tid--< 
V—'r^^'ifi/T.y-h, (Operating Syst 
em) kWitlZV? h txTiDffigtDffiZ iCioTfr 
.pit 5 s 



[0 0 12] *ig4«aEli*3«*r*ll-f5fc»lc, - 

7 (Translation Look — aside 
Buffer, EAT, TLBifW. ) ilWfltftT K 

[0 0 13] TLBfJ, MMUfcrtjfcStl, {E&7 Kl' 

[0014] (Ear KuxaiBTO-^— s?**tll>* 
y±w*-s?#* (17 KuxsraTro^-^tf ) 

[0 0 15] -st—I iW— 

LBtcEISSiX, TLBtt^-i^-^yUOdr-r yi'a. 

<. 

[0016] tWETLB-cor Kv^asiWMOtt, 

[0 0 17] rro J: 54K*fc L-T, TESiSfc (-O , 
*>5W>tt, £lt (o) |z:E4tefrCV^TLBi!IB#*D 

[0018] (*f) T. Takayanagi et 
a 1. , " 2. 6Gby te/sec Bandwi 
dth cache/TLB Macro for H 
igh — Performance RISC Proc 
essor, "Proceedings of Cus 
torn Integrated Circuits C 
onference, pp. 10. 2. 1—10. 2. 
4, 19 9 1 

(o) G. Gerosa et a 1 . , " A 2 . 2 
W, 8 0 MH z Superscalar RISC 
Microprocessor, " J. Solid — S 
tate Circuits, vol. 2 9, no. 1 
2, pp. 1440-1454, Dec. 1P94 
iftEXSK W) fcE*3ftfcfe*©TLBEWTH:» 7 

v'a^tD^^t^t LT-g-ffl 2 n s<DtetE£ 
[0 0 19] *fc,-*MM:tt (o) fcEfcSftfclfc*© 
SCit, 7Ku*£lfcl*M0fi»«rBlo-O'»5. 

[0020] 5?srs*mttti-a<saEii** (^ 

[0 0 2 1] EAT, ^—^St©rt«o»J61-5iE87 K 



[0022] fcs-^oiatggio^^ysraSr-^-i 7 
izfrmtzmG. -<-^©**# (^-v^ x> 

[0 0 23] ^-i^-fXas^tV^-d-tt, 

[0 0 24] L^Lfca^ X#*#+#5 

[0 0 2 5] S&o--i-i?iMX£&5fcfcl;:ii> TL 
B t^^-^t-r XfcEITetfcrttitffc fefcv\ 

[0 0 2 6] HrEtfcTKu^aEUWMB, itffl-Ct*^ 
— ^iNf XCftfitfMi:, TLB ©ttfiglt® t LT t y \ 
m (sftK4a»»asTLBlcEliSiX-CV>«||*) 

[0 0 2 7] «TEt y h*ti, »ffl***Jj:tFTLBO 

^x (^hvm ^Mff-t-a. 

[0 0 2 8] ilffi^SSl-teCAM (C o n t e 

nt Addressable Memory^ 

[0029] itiECAM^tt/hs*©>*y-e*v*fc 

**y*/MCJt«»Srrt«U ;ift&£-C©tt:K#as|li 

[0 0 3 0] — #-fc y \ TV'sTTj :/*3*tt, 
©**y TJifHiliW^fc y h*Sr#*wfc#-C*4v^ 

t\ mms. <*^-f» as/j^Ma^-ine, 
*y ^7y->rf^^s;-efc5:tA»f), 

[0 0 3 1] tt*©^-^-^ XbJ^TL B fc LT» T 

2 cro^-;t^ Xpj^t l bsk^^p bnxv>5. 

[0 0 3 2] (/n) ffltf te, " 7^t^^A5n 
s CMO S Translation Lookas 
ide Bufferr," S^fcfSilff 

I CD 92-57, pp. 29-35, 1992 

(=) 8 2 8 7 7^3t« 

flrtKtR (^) , fcSVtt, tlte&tt (-) lcE«£*i 
fctt*©^-S?f--f XirfcTLBElB-ett. CAMES 

k) i>-=EyicE*L.Tv^5 T-tnimmm 



[0 0 3 3] ttalEO^-^f-'fXBrajTLBOtt, 
©2*o0iJtLT> TEXiS* (*) KEHSHfc^-5?^ 

x-si^T l b @8#*n fcnxv>5, 

[0 0 3 4] (*) T. Takayanagi et 
a l., "Embedded Memory Des 
ign for a Four Issue Supe 
rscaler RISC Processor, " P 
roceedings ofCustom Integ 
rated Circuits Conferenc 
e, pp. 2 6. 1. 1-2 6. 1. 6, 1 9 94 

MEXit (*) icEfcSJifcttfcottw^-i^if-rxpr 

STLBEIKH:, -fey hTV^ry-f ^**tfflv\ $J 
(0ts/h7y'>77^ :/#*©* y h 

[0 0 3 5] 

ft (^) KE*sixTv^afe*«)'<-s?i>--fxiT3eTL 

^^*»»*Elir*4«4SrltSlUTV^#, CAM* 
as*JB^THfcfc»fc, *-ty->a^*y fcR«-tr*a 

[0 0 3 6] XoJ&T L BEIiStefcVT; 

tyi'^Pi @KSr^iBfb LTKtHWBSSI* U 
Sfc, teW^awTLBEWSSrim-f-afci&lctt-fcy 

h r y i/7f-f x^coBj^-c-i-^'f Xni^oD^tt 

[0 0 3 7] ttE^tR (*) lcE«t$^fc?£3t50 
•fey H7y«>77 l ^^*40^-: XpT^TLBIh! 

•>7f-f y^ro-fe y h $:S^i-er ku^*») i: # 
jT7 4-A,Y (TLB^Ett$^7 ? -^tit|4i-5{S 

yftic***^— ^--f xor K^«*»tEttW5 

r £ a* T 1 4 io fc v ^3 MH* fc o ^„ 
[0 0 3 8] ipt,, tttefcfc (*) IcEttStifcfC*© 
iry hry^ry-f y^nSo^-s^^XBraETLBEl 

[0 0 3 9] Z<Dtctb, ISllI^W^-WXOfi 

a*fcra*teTLBfcEtti-5witt'c#i\ waaa»© 
^-s?*-r xas»Bi , t5**o^ , B*^trWi*K«iaT 



[0 0 4 0] SPjIC, ffflUtft K) IC|E®§nTV>5 
[0 0 4 1] tt*©itrEXft (P) lw|B«**L-C 

[oo42] mBtt&ttffi©iuBA*J*fti- 

SfcfeicftSftfet©-?*,!), *%nosM» t tyh 
r y->TT4 7tt<DT L B «r«£5¥*flcft&lilttlc 

[0 0 4 3] *£9!©<iii©@e<jii, *>MJ*lCjlfca 
:?1r-f X©7 Kv^*ft»«rC«i-*wi*-CtS 
•<—'?*<( X*tX0-t y F7y->7f^7'^©TLB 

[0 0 4 4] **9i©flIEBflMfcW=-t©fli©BflMfcO' 

[0 0 4 5] 

IWBSriRfe-rafc*©**] #W£*»V^-C9ll*3fta 
»«©3tu ft*tt*fc©©**&lBJ|lu:lftW**i,tf, 

[0 0 4 6] (l) AAS*i5fi87Kv^t, *7K 
^^t«»+5>*5l3»«r«it5imS»*ai5I»K:*J 
i^T, 1WB>*3I1IB#. fi87Fi/^o±tt7Kw 
©-gB£Eit-f-33fri©fil£fc, -<-S?*-T X«r*+« 

fc* f*7Kl'*©±ttTKl'*©H»*Ettrt-S*l© 

E«i*5*2 ttt«tt««'-^7Hi, 

- KLT*[E*«©7 KW<7 wf trWE**©^-* 

7W©4*jg©f7&»JRl-«f f =-*' , fc, i*jfE1g?8:©7 
Ku^7'WOWE7 , 3-^lcJ:0aJR**i«:*2OfH 

S**T, ttEtttt©7KV'*7W©IWE? , =-*fc 

u * 7 w ©t&Ef* = lc J: "3 8ft $ 2 ©j£$ 

f-^7wroiiiEf3-yiat)iftsnfci2(DS 
wa»&tt#ai3ftfc*;h.* , *i©3*7Ki'*» fcsv>», 

S9IEA*$nofiS7 Ki'*©3fjettll©7 KU*©V> 



1Via»-**a*1-5ttft©lll2©*W**V, fldEIg 
ft©ltlMSB©ifcttl**l=*<J^-c, f?JE1g&©x-* 
7 u-f ©tWE7*3-^iw j: •? iiftSftfcii i ©B*a»& 

l>\ 1WEJIS2©*i'**K:£0aft$nfc**L«i©7 
KU*©4>©loSrWrt-5l&l©-fci'**i: 

[0 04 7] (2) WE (1) ©#ftM8V*-C, MEH 
&©7 Kw*7 W ©$ 1 ©«*#, «-5iJSt-«*©E 

*i4-fe>^*#i, twe^-*iiB*#Jti«»E*s'** 

8£, »E? f 3-**lcJ:lJ»RSftfc**P-fcA'3»&K 
* U) Lfcfclc J: 13 ± C 5 «E* ^ *»» romfinss-ite 
+5-fev^T^?Tffl*fc, WE*^«*t»«tt«)*fl: 
**Wi-**iaiS»fc«r*U SfrE1S»©H:$fc[H]i&as, 

u:«»t&*t*ttE»iaigBoa**^*s*i, f&;fr©A 

ASmc, -EST K^©#lf y hWtTs' MKtfAAS 
ii5«»©#tt«n»asBiiga4:, SflE&iSc©#ft!l6<)SSiJi 

K?V5?**fc, lHiE1g&©NMOS h7Vi?^?0- 
[0 0 4 8] (3) KfE (1) *fctt (2) ©*«IC*I 

v-c, «ME>*yiais#; iitE«*©rKw^rw© 
u «rEffl»©»2©-fe^^#*rK*mnbf^ 

#B*fr*-5ttt, SdE^©x-^TUY©WEx=»- 

^icj: oaHR*ii*jiS2©flH«a»&K*asnfc**i.-e 

*t©Jtr SrSft LXME^ 1 ©* ICA^J 
.*TW©ME7 , 3-4'lcJ:9»R3ftfc*2©«*a» 

^*KA*i-*#asr*u HE«a#»*» nutans 

©T K l^^T U>f ©» 2 ©«*H:#*atf**t^*l©« 

WE*«f:©9*-^rw©»2©««ic##atp* 
»2©-tu^^is % »*muni^Bi!»**i.fcafc, at 

*rE01©-fe^^^«stt*fflL»^i*BI*M- 
5ffi©ttffiSrJ6«ri-5fflS:, IIESfOf-?7KC. 
^n^n©»2©«*lc#*i4tfitfr»«i:1-S. 
[0 0 4 9] (4) ME (l) (2) ©^ftlcfc 



cor Ki^r^coffifSx^— ^iciflil&Sftfc^ti 

i2A^$H5ffiST Kl'XcO/jfr^ftgcOT KUX&3& 
IME«k©?'--*TU-r©l&2©* 
m^&fymztiltZtiZfttonT vux\zftz_x, til 
IBA^$ti3ffi2®r KVxco@fr£&gcOT t'lsXtWR 
U *MBIft9¥Sfc:P. HfJfaig#t0jfl2 co-fe 

2 owc^ e> m^-iti £ ttfc ^n^^Koii t i^mgcogji 

[0 0 5 0] 

[flsffl] flUis (i) ©wcifttf. t^ryv/rf 
-f^**OTLBSr«*.«*W»*anaKJ!:48^T» =s 

Scot K^7W K-i-^iM' X£*rtH£iEti1-5 
H2<Og[i££!$l!tt, ^2 0Hi§lc^&S£*tBLfe-eix^n 

[0 0 5 1] ^eOT ? -^TU-T(0^2(0®«lC 

[0052] n&cor Fv*7W©Jll2©fWto»fett 

*mLfcwe*t<ofifrjs, »f-^7Wo^2© 

*b 

[0 0 5 3] H&COT K^^TW<om2<0®^e>gS 

Lfc-e-n-e^co®^, s&<ox-* 7- u>r ©» 2 co 

ft-eft<07Ku*£3l2<0-feu**l::<fc"jjiSJRU 4bS 
[0 0 5 4] wW-.fclJ, 7Kl'^7WWnfn© 

[0055] stria (2) to^&ickntf, hry-> 



[0 0 5 6] IR$ixfc^ ; t!)t;VA'5.IS*liJL 
yESTiftSU Sfrl5-fe>^iH»comro^Sr«ltil0 
[0 0 5 7] 1 Ify h^fliU^gfnEJgtt, ^y-tr/v 

ftfcNMOS h7>^^C0y-McA^J-f5, 

[0058] r tuck 9, ■fev^r^7'lr»i^$-fr, x 
-fc>*i&tomffi#?l!£Lfc^ it*.lciKVb 

[00 5 9] lftlE (3) (O^eiCcktlli, $20tH 

cofl 2 <os#a» t> mb-ft $ ftfcHT K v x £g« LT 

ic, gator kuxt w ©82 <o^8a»e>g5*tti£ft 
fcfSav &&<or*-*rwcoiS2<D£&KfBtg£*i5 

- * r wr com 2 ommfr b * fiiznr vu*\z. 

SriS^LTtfllSm 1 0-fc i'* 9 lcA*1-5. 
[0 0 6 0] ®C7KW7KCg2CUS 
K^S&trili:, 1»Ot-?7W cog 2 cogigEK^ 

ft 1 coir asgg^Ul LI6^^Wi&-r5fl(r<0#tfl|S:i«| 
#-t-5fia\ ^ISccOx-^TWcO^ZO^JcSf 

tp. 

[oo6i] cni^iUs ft-it-COU-^V^BfrltT 

[0062] lata (4) (o^mzMt. m2o±u? 
u^^i-^g-tc, ^scco^-^rwco®2cosa^> 

T Kv^co^fitgcor K^feMiU ^2 co 
Sr^-f5m-§-fccoF«ST0T^WSiSSrto-C» fUOirU 

[0063] rmciij. »^*»±-c 



[0 0 64] 

[0 0 6 5] ft*?, IttfcWSrttWi-Sfcfto^BBtejav^ 

iSL©lftK«:^li&1-5 3 

[0 0 6 6] 1 ] H 1 tt, #*H©-2H6«-C 

fc5 (Stttfll) ^S^-^Xilfts/hTy^ 
T x L B ©tiW&fllfigS-^i-y n y ^ 0-C$) 5. 
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2j3iU ! 7-^7K4 0 3?) I t 1 © ) i-O^yfy^ 
* 7 -A* K-flftRSfta 4oOi>hy Oijfl£S#-f . 
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i. KU^505<O31tTyh~17tryh (V 
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[0 0 9 8] IP*>, SM#SZ (5 00) ©lilri 5 1 <73 £ # 
tt, 4 Xi* 4 K B t tH <) , y h 

I2(5®T K^X 5 0 5<D1 1 fy >~0 Ify h (VA 
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tSlt-C, tifcifcSZ (5 0 0) ©HlcBBff.*<7 f -^ 
7W40 3<Dr&t& ( [1 1 : 1 0] ) 5 0 3jJ»?>SS* 
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7) lei*), x-*i&ft (2 4, 2 5) , *5j:0\ ir^* 
m (3 0, 3 1) 7-«jEOWitt4A[ (Vcc) \Zf 
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[oi4o] H4teiSi-*jt-<»R«s*4ig» 
©Bfftco^-cttW-f-S. 
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H" fcUT, 7"y^^— v?fflPMOS h7>^^ (2 
12, 2 15, 2 14, 2 17) SrOFFfcLfc^ T 
0 2i»E»B*IBLWi r 7i-/uK (V 
PN [3 1 : 17] JSitFVPN [11:10]) 15 
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a«t5»c, *:*-f-fc***@K4 0 5«rJHiPu 

7W40 3 ©K*tU Lx-* ZWR-TZa 
[0 1 51] 7-^7W 4 0 3©§S#WL^— ^SrS 
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fctt» H2©»*i:IBI«T**. 
[0152] El 2 Itv-fifcttEIBCttW-CSfi^*: J: 5 
(::, ■fcV^T>7 F «)eiMS^:3 2 (0 s e) H" i: 
•f-5 r. t -Ctttt^tt* 9 , 15teT K^SOS <Dffim<D 
{£a©lt*y bt^^-Uir^feSE^aiUfcl tyhi 
*S^F— a©#^{C|2, NMOS h7^? 1 0 9, N 
MO S \-7^~/*# 110, NMOS Yy^'JZs? 1 1 
1, fcSVtt, NMOS h7>^^^ 1 1 2dSONifc 

[0 15 3] rKWW4 0 2H(l 

*ttLfc3 1 t*y h~l 7 fy }* (VPN [3 1 : 1 
7] ) tfiffllT KV*5 0 5©31tTy}>~17try|» 

(VA [31:17]) ir^l fy hT^— SLftV^i: 
by hi® 3 6 L" irftf?, Sfc, 
0 2*»bR*aLfcl llfyh~10 try h (VPN 

[11:10]) £r{K@7" Kl"*5 0 5© 1 1 tfy h~ 
lOfyh (VA [11:10]) > # 1 fy h T?t>— 

[0 154] tyM3 6i5' L" £fc<5i, 
*3 0 8 0m73li" H" » NORI3SS3 1 2<DU^\t" 
L" , NANDEIK3 1 4©ti}7J|* ,, H" iftS. 

[0 15 5] NANDEDS 3 1 4©tti7Jifl*" H" fcfc* 
O-C, ^a-r«R«*2 0f,S^O*litt (" H" ) fcfc 

[0 15 6] irt, PMOS F7^^ (2 13, 
2 16) li, 7" KW7W 4 0 2 0d»e>IS*tiiLfc3 
l.f y h~ 1 7 f y h (VPN [3 1 : 17] ) , 
U\ 1 1 fy h~l 0 bf 3/ h (VPN [11:10] 
t, Effll7 Kt"*5 0 503 1 fy b~l 7 f 5/ h (V 



A [31 : 17] ) , J5it>', 1 1 fy h~10 fy h 
(VA [11:10]) k*S-ftt*l»a-|C,' tyhffi. 

(3 6, 3 8) ©mttSr" H" \z&-oit#><Dm?-?h 

3, 

[0 15 7] fcfc, 04-Cfi, s(>s<— 9 (3 0 8, 3 
10) Ottfta>b74 — K<"?*'T3f!jft&5*L-ao5 

[0 15 8] *^MJ|C**3*VC^5r Kl'***** 
#*»jM*»Jft»fc*1-WW-?-V (v a 1 i d) f y Y 5 
0 1©*3 7|Cj;oT, **-f»Rft*Otf«r«fl:** 

ftttixtfftfcft^©-?, BUfcflfrJ-ElK-ett, NOR0 
83 1 2fcf«lllL"0*3. 
[0159] V (va 1 id) f y h 5 0 1©1I3 7 2* 

0 ("L") ©*g£-|3, 7KVWW40 2j&»&SE* 
ULfc** r 7-f->H*' (VPN [31:1 7] *5,fcl>*V 
PN [1 1 : 1 0] ) 2:ffiST KW^S 0 s<D9#y<< 
—JVY (VA [31:17] JoitfVA [11:1 

01 ) 9fc©JfclU8*fcJ:fe1\ -f^W3 0 9OB 

[0160] -fy/W3o 9om^jas" H" fcfci© 

NOR0K3 1 2©tij;frfi" L" , NAND0S3 
14 0tB*tt" H" , «7*-f«JRflr*2 0l>" H" fcfe 
3= 

[0 16 1] IP*>, B4lc*-MgB-rH:. V (v a 1 i 
d) fy h 5 0 1 OI3 7i50<Dt#{±, 7KWU 
Y4 0 2i>E.K*«Lfc?/7-f-^K (VPN [3 
1:17] J3J;WPN [1 1:10]) t<Si®T KV 
^5 0 5<D??-7 4—/VY (VA [31:17] JSiV 
VA [11 : 10] ) 9k©ifc«»JftlCj:bi*, 
9jRfl|-9>2 0 ft 5 J* Oft fl t 

[0 16 2] *HJ(S0IJTtt, «TfcttW1-5 * 5 

Id, 5?f--fX«r*i*fl*SZ (5 0 0) ottieic 

[0163] 01 IotH-t L BroSftig-Cifi^fci 5 
R^UUXlflttSZ (5 0 0) Oft 1 6 # 0 (1 
KB'i-v'l tt, 7FWH , 4 0 2i>f)R*liiLt 
31fyh~17lfyh (VPN [31 : 17] ) , to 
£Vs lieyh-lO^yh (VPN [11 : 1 
0] ) i, {RAT Fls* 5 0 5©3 1lfyh~17ty 
h (VA [31:17]), jSj:TJ>. 1 1 If y K, 10 
\?y h (VA [1 1 : 1 0] ) fcfeJttti"*. 

[0 16 4] tt*ULfc«I*SZ (5 0 0) <Dm. 

16#10i^ (4KB^) tt, 7KWW4 
0 2a»&tt#ftiLfc3 llfy h~l 7tfy h (VPN 

[31:17]) >, K^50 5W3 1 fy h 

~17lfyh (VA [31 : 1 7] ) ktclfZitnLK 

[0 16 5] t<Dtz£)s H4lCfl^f !>3:Wa«ft*«4 



ElSgTtt, NANDSJS3 1 3i5fTfUp$it-CV^ 5 
[0166] i^SZ ( 5 0 0 ) ©IS 1 6 0 (" 

l" ) ^>A--?3 1 icai*r h" 

Ot, NAND083 1 3©ttJ7Jtt:, fcyMJjS3 8©liJ 
73, BP*>, T K^^TW 4 0 2i>t>ll*UiLfcl 1 tf 
y h~l 0 tfy h (VPN [11:10]) {EST 
KU^5 0 5« 1 1 If y h~l 0 tfy h (VA [11: 

io] ) fcoit«tt*icj:o-c«fl:i-a. 

[0 16 7] r Y\s*t\"< a Q 2frb&fy\&\,1ti l 

tfy h-1 0 fy h (VPN [1 1 : 1 0] ) k % <5® 
7K^5 0 5Ol llfyh—lOlfyh (VA [ 1 
1:10]) t#-au h»3 8#" H" ©3fr£ 
tt, *3 1 OOfflir L" » NAND08 3 

1 3 03ttJ*ri J * H" ik3„ 

[0168] r kwtk 4 o 2*>£>i£#fcij 

Lfc3 If j/ h~l 7*y h (VPN [3 1 : 17] ) 
b. W&T Kl"*5 0 5©3 1 K"y h~l 7 tf y h (V 
A [3 1 : 1 7] ) i#-ffeLrt:$§£\ NAND0S&3 
14©W7Jfr L" tfctK 7=-fiSJfcfi-Si-2 Ottt y 

[0 16 9] T KV^7M 4 0 2 T^Cjgg^aj Lfc 1 1 
tfj, h~i o tTy h (VPN [1 1 : 1 0] ) <Ki® 
T 0 5© 1 1 tfy h~l 0 fy h (VA [1 

1:10]) btf-Wtftr. MS 3 8 L" ift 
ofc^fi, -f^-« 1 OOtitfjtf" H" % NAN 
DH1ES3 1 30m^tt" L" , NAND3 1 4©fflj] 
tt" H" . 73^ilJR<§-i§-2 OtZZWfcB C H" ) 

[0 17 0] -7J, Sg*ttJL^!B«S Z (5 0 0) ©fit 
1 6 # 1 ©i§^-fi, >f W<-*3 1 IOWA**" L" b 
&3<DT. NAND083 1 3©£H7Jt±> 7KV^7V 
-f 4 0 2:4>bSg*tHLfcl 1 Ify h~l 0 tfy h (VP 
N [1 1 : 1 0] ) t, ®BTK^5 0 501 1 tfy 
h~10tyh (VA [11:10]) tOJt»^*fC 

[0 17 1] LfcffoT, ^«R»*2 0lt, TK 

0 2t)^h^ttiL±3 1 try h~l 7 If y 
f (VPN [31:17]) t, <Ki®T K^5 0 5© 
3 1 tfy F~l 7 tfy J* (VA [3 1 : 1 7] ) fcOJfc 
tfcg*, V (v a 1 i d) If y h 5 0 1©(63 

7 7f{tT^§*t5. 

[0 17 2] «HEUfc«WlcJ:!?, ^— ^*-T X**f 
tTyh^SZ (5 0 0) ©fill eiJlioTa^l'— 

[0 17 3] H4lc*+>J'i>f»«li««^iaiS 

[0 17 4] E] 4 -CIS, NMOS \>y>~s?.? 1 0 9 fc 
NMOS Yy-y'y^9 110 >020© hy^^y" t 



[0 1 7 5] MfBNMOS h?^** (109-11 
0) . fcilF, NMOS h7^^ (111, 11 
2) IS, NOR0B>L-CH#, ^■»^ , y?-+— S?S*t 

fct?FjK36, 3 8) 

[0 17 6] ISSflSI6Srlimi-5 h7^?* 5 NMO 
S h 7 yS?**«f7-©V*i*4 y VW&tXT) 
■C, ^-A7J$fi-Ctt«Lfc#&, CMOSh7^ 
* d» bffijft $ Hi x 9 T a y * 4Ettlc# LTKaft* 

[0 17 7] $.1t* 4l"<—? (3 0 8, 3 1 0) , N 
OR0JS3 12, NANDS%3 1 3 „ NAND3 1 
4. 4 (3 15, 3 16) ©8&gL#HS 

[OnglllWCIl, (3 0 8, 3 1 

0) % NAND0IS3 1 4, -fy/W@S3 16fi, 

a37jm^©4+,±a«9a^<'i5j:5PMos 

U MLlvHItrVc c/2 i9)«B*t5. 

[0 17 9] NOR0K3 1 2, NANDHJ53 1 3, 
-rv^-*E!&3 1 5«, iU7J«^-©^:*>TA 5l 9i5jS< 
&3J:5NMOS h7>^^0^-K§^PM0S h 
7>v ? ^^«t»3 7C*<ISffL, SSSLt^flSSrVc c/ 
2 «k9(£<B*£-r3. 

[0 18 0] rttlcit), 7*y^Y-^lc±9ty h© 
ttflg (" L" ) t»teo^!7i-<SSim-§-2 OiS, ?^© 

km r h" ) K^-f5«*©»3aEi»iBt«aiiai-si 

[0 18 1] iWB^^«»«*2 0#, t y b<D&M 

c l" ) A»e,^^©^<i (" h" ) ic^k-rss-g-© 

JiS^KS:. >H^(6]©ii3iNfBgt^t>\ !7^S 

^m#2 0A5, ^^©^li (" H" ) i^tyhOtl 

C L° ) \z.mct*k* ©SSi^raSr, jS^i*]©Sii 

[0 18 2] r©^IC, ^3i-<S^m^2 OiS, 5^ 
©^ftS r H" ) A»fety hOVtM (• L" ) 

K^f5©ttflI^l6l©3i2i^S:^*©r, i&^'f^ 
^^rtfC7^S^{t^-2 o ftt y h©4fcli (" 
L" ) fctrtntf, ■9--r^/w*BSr****5ii4< 

[0 18 3] flWt#v^*ri"br«»tT.*<, 

7Sr%ItL.T, E4l^i-PMOS (2 1 

4, 2 17) <r>X.o\z7})?-^-i;bZ&£r£ZZhfr-T? 

[0 18 4] r©^-^, /yf^-^ffu, 

yy^4 0©}S««*ttl*!nii-5as, iS^OJi^ffi 

zmm-rtzti^mbftz, 

[0 18 5] H4lcBa^ttLTV^V* J , *»ft©fcft 



OS Y7l/'J^9 (109-1 10) <D£?\Zlt-yh 
UX'^Kf] (El 4 Til 15) NOR«|gSrHmi-5fc*»t 

4§£|CI3, NM0Sh7>"^^ (10 9-110) £ 
5MWU Mttf, 8A^NOR0gSt 7A#NOR(h18 
I^SIU NORE83 1 2Sr3A*NORlElKt LT 

[0 1 8 6] H4©#&fctt, ts/hS3 6Cfift 

[0 18 7] K-kSWIUfcflMtlc.k'K ffigftTOtttt 
[0 18 8] tit. H4fcij*i-*3:-r»jR»-3«£ia» 

[0 18 9] Sd!ELfcJ:5l^ h& (3 6, 3 8) 

tt» iS^ftofcftje^-t* S /^lHI^S-e«l^$i^Tv^5 

H^OWT^h-Ctt, 4 ?:x^#<0 t s> b$ (3 
6, 3 8) ;JS|!8&L-tEgSn5riK:fc5 a 
[0 190] t?ht5^Bi-o*Ot, 4;fc£>BS 

[0 19 1] Lfc^oT, ty HLfckj/ hi^ (3 6, 
3 8) ©Sffitt, ^yT'y^^lCtlJ, Btt-TSElftJ: 
0^raSSt^iH«IS*roit§^0'' H" w<;k£>(£T 

[0 19 2] Sii^<D7t»IC, is**— 9 (3 0 8, 3 
10) OffiaL$^ttS:ffi< Lfc»£tett» <<^s<-? 

(3 0 8, 310) o»f^*«as«^i-*OTr, 

§y^HB«:*j*1-5ty HI (3 6, 3 8)ttg!ISSE 

[0 19 3] £0£*ama*f*fc^*'hlRfc*l>*.5 

ffiL^V (valid) ITy h 5 0 l(0fil3 7 fc®$S 
z (5 0 0) em 1 6 ©ff*»tt*>-/U K*f , V (v 
a I id) f s> b 5 0 10{3 7i«**S Z (5 0 0) 

[0194] r©4§£\ -f ><*—* (30 9, 3 1 1) 

©eaL#vHitvc c/2mst-t-5. 

[0195] Z (5 0 0) O-IS 1 6 (OfgSj 

[0 19 6] W46tf, ^yy-f^^^tttyhiH 
(3 6, 3 8) V (va 1 id) Cj/ h 5 0 1 

OfS3 7 i^JgcSZ (5 0 0) ©fill 6Wt?^ 
EJSSi L-C*aHfcL4<Tl), tyhllOe, 38) 
OilttB*WrtlCV (v a 1 id) tfy h 5 0 1 0>ffi3 7 
i««SZ (5 0 0) 0*1 6$r«S»T**ttf, 



[0 19 7] £H±ttWLfc**lCfcJ:D, ^Ea©ii 

[0198] 05, 06tt, 'frjc-f-fcU^eiB^ 0 5 

[0 19 9] 0 5 IC^i-OR- AND -NOTt^ ?— 
hBB (3 1 9, 3 2 0) tUtWORmSSS 2 1#» 
01IC^i"^3i^-feu^^l5]jg4 0 5£«j£-f.5. 
[0 2 0 0] @6fJ, @5C*tOR-AND-NOT 
MUSS (3 1 9, 3 2 0) iS:MOSh7V^ 

[0 2 0 1] #J£l&0iJ-eii, MW^fric-fJfc'* 
B 5 |Cii%i-?s<f-fc 1^*1384 0 5ttl 

[0 2 0 2] 05Ttt> «Jt*7V-f 1?IJ^ 

©*7^I118Si4!>3:>('^<0l?3:^-feU^^I5]K4 0 5 

[0203] 4 : \ -t\s9 9 {Tfrf-fystf) JC*JV> 
**<<-fcl'**EIB4 0 Sfcfltel'— ■ 

MaBisuura. 

[0 2 0 4] *Hli0!lf-*3V>Ttt, ®5|C^-t-£5K, 
4 : 1 ^ai-f-feU^^SSSS:, 06lC^i-OR-AND 
-NOTa^-y— M3B (3 1 9, 3 2 0) 2flfc, 2 
A*NOR@B3 2 l©ffl*-&fe*-CHS-t-5„ 

[0 2 0 5] OR-AND-NOTS^- h IDES 3 1 
9 Wx— A^Ktt, -T 3 18 T-Sls^tlfcir 

v^*4 4©ff-§-iJA^Six5 0 

[0 2 0 6] -fc^X* (4 3, 4 4) T HV*Ifc|fc 

ft* (2 0, 4 8, 4 9, 5 0) t>4**-f±"C" L" 
bt£Z<DX'. OR-AND-NOTl*y-HB8 (3 
1 9, 3 2 0) <DmtJ(iT K^«^BM*Wtett£"t" 
H" t^5 0 

[0 2 0 7] OR-AND-NOTS'o^ — MSB (3 
1 9, 3 2 0) 0AAfcfe&4v>#0)'tr:'*flH4 3\zh 

<<>-s<-?®1& mfi*—s*ls) tl!V^V^50tt % -fe 
(4 3, 4 4) *f(D^fi$:«?L<i-5fc«)t?fc 

[0 2 0 8] 05|C^1-^oi^-tV^^lHl?S4 0 5©ffij 

[0 2 0 9] H5|C*%-f px^SKflre (2 0, 4 8, 
4 9, 5 0) ft, B4fc*"t-^aW»R«*t*tl,lCtt 

[0 2 1 0] 05lC^1-^oi^5i^ft-§- (2 0, 4 8, 
4 9, 5 0) , ts3&. V^J^t 9®%V,y<-<rj®% 
ft, H2lc*L*:T KWW 4 0 2<D[sl&b®£tz 



[0 2 11] EI 5^1- -feU** El 84 0 5tt# 
3 1 8 0tij£lCfS£1-5 4 5, 4 6, 4 7 fc" L a fcft 

[0212] wftlcfc^, mos hy (2 0 

8, 209. 104. 105, 1 0 6) ^PjfllfifcSitS 
t>XTV?*m<fe£*£. "tr^SI (4 3, 4 4) #0 

f&T!!M!Lfcj;5l::**-r*R«H§- (2 0, 4 8, 4 

9, 5 0) ii, &K.i:*>±-za9=4 tit* 

hrotffll (" L" ) fcfcoTV^, 

[0 2 13] *fc, OR-AND-NOTf*y-HB 
& (3 19, 3 20) li. H6»C*1-*:cfjWRflr-g- 

(2 0, 4 8) L" kk'oX^SVCmfittr 

H" dftoTV^. 

[0 2 14] ^niw«fcU, NORE18S3 2 1 
*tt*l!:" H" **9tttfj22tt" L» l:4oT^5, 

[0 2 15] S£^aiL»)^Sr§a*&$-e:-fe^^T>7 , ^tt 

^t5ItT, ±>^m (4 3, 4 4) ^©-^Ct 
ffiaSGND*tt (0 V) fcfei. 

[0 2 16] ZOfcii), * 3 17 fcav^lt-fy 

* 3 1 8©Vvffta»— *©fil27;jS" H" \C/£5 0 

[0 2 17] m5\Z^:-t^^ -fc 1^*0184 0 5 7? 
tt, K*fflLfcffl!6Sl©fc#fc:tt-fel';*ISl4 4#" L" 
£40, Ml 5 fc, * 3 1 8 © 

ffi^Jti" L" H" 

[0 2 18] *acf»Ktt*2 0#" L" » ?^fljf? 
(If- (4 8, 4 9, 6 0) #'H" Ott, IP*>, 

R-AND-NOT«^-FB»3 1 9 tt" L" 

[0 2 19] OR-AND-NOT^-g-y— M3I&3 2 
0tt^«Rll*4 9, 6 0«s*JC" H" fcOTttJ* 
IS" L" tftS. 

[0 2 2 0] NOR[IIS&[s]gg3 2 1 <D 2o<DA*ICflO 
R-AND-NOTS^-Hll!53 19. fcitf, o 
R-AND-NOTlg^— h(3&3 ZOOBA" L" 
tfAfiZtiZtzft, lbTy h£©tt«7Ki'*2 2tt" 
H" i*5. 

[0 2 2 1] *fc„ K*ttlbfcflSiso©itlcB:, 
^4 4IJVc cfcry?- + — s?$nfc**«fls* 

[0 2 2 2] rcDfcft, 3 1 8 0a^li" 

L" W**a!fl:*i", OR-AND-NOTl^-h 
08S3 1 9 0»*tt»fc*r, ' H" fcm^-ts, 

[0223] zntttotx-JmSiliW Offi" L" , 

^a-faiRIt* (4 8, 4 9, 5 0)r H"<0i*. 



BPo, *x4aJRft*2 0"?J83*lS**-f:J«fcy hL 
7t4S£, OR-AND-NOTtt-d-y-HaB3 1 9 

[0 2 2 4] ICtSCOR-AND-NOT^y- 
h0K3 2Ott*WBL*:J:3fc" L" &Hi;fctTV>3fc 
«>, NORE181E1J8 3 2 l<©2oOA*{Ctt" H" fc" 

l" rom^5A^$n5©-ci vftammT Vux 

2 2«" L" fcfcS. 

[0 2 2 5] SLblMILfciSlc, El5 (c^-f^^-fe 
u**@i&4 0 52\ 4AA lfflR<D± is ? ? \sl%!tk L 

[0 2 2 6] T-?7l"f4 0 3<DS?^ftiLx— 

Ka*-c#»R»fcSi3 r t am 2 *j«tr/a 4 t 

[0 2 2 7] 3 fete, H5lCii%i-^a^-feU^^iail4 

[0 2 2 8] *»M!-eHt. 7 K^ttM*^ *a:-f 
SiKft^tt, ■ L" *»6' H" lcL*»*ft:*i\ 
-f *3 1 8Wai*l 8t" L" *»fe" H" *x— -ft 

[0 2 2 9] -trofcft, OR-AND-NOTlg-g-y— 
MH8§(319, 3 20) ©ffi^l02:*,Ta 5 1) *S3I< ^ 
-5i3^, OR-AND-NOTM^ — MUSS (3 1 
9, 3 2 0) ONMOS h7i"^?0^- USSrPM 

Vc c/2i5 tlS<Kjr*-5. 

[0 2 3 0] IH^IIC, OR-AND-NOT^-h 
08(3 1 9, 3 2 0) OUi^tt" H' i 4 ?)" L'-'nL 
A>mtLt£^Zki>>t>, NOR082 l<0ffi^«" L" 
A»fe" H" KKD^gJfrSo 

[0 2 3 1] NOR082 l©ffl^}C0SC*,± 

a*0#it<&5J:5lC, NORE182 iOPMOS h7 

RW-U S%SUf V^ttftVc c/2 £<0ft<®fe-tZ o 
[0 2 3 2] rjxlCitl, -fe^a (4 3,' 4 4) <D7' 
— i?\Z.,&y)* L" ^0X1^^-^3 18 

L" i>6" H" fc»ki"5»a'Oa3i*n (JiIS^[6]©Jg 

[0 2 3 3] OR-AND-NOTS 
^-hSB (3 1 9, 3 2 0) ©aj^fJ, BKlCv-f 
7"K^itttlli*&«rOl:y ]** (3 6, 3 8) , @4fc: 
*t2A^jNANDl2lS3 1 4WAM-F. JJitf, 
■feV^I* (4 3, 4 4) O^y?-*— ?|CJ:?K " H" 
0«l»lc4oT*J9, *>a:-raiRfll*i:-f >^<-^3 1 
8 0til^i 8©8Jfl;lcJ:!J" H" L" ^La»*^k 

[0 2 3 4] r^fcft, rK^^aew*M^BB»-f<5© 



3 1 80^1 8$-" L" , 2A^NAND0S3 1 4 

[0 2 3 5] E8fi, 01|C^-^feU^^EIK4 0 6© 

0B«rt*SH-|3BH-?*iS D 
[0 2 3 6] Hllw*itU^*Ea4 0 6t±, 

— 5?-9--f Xfc+5fc*lc<— S?*-f XSr^-fS&S Z 
(5 0 0) lfj/h©filT?, X— ^TW 4 0 3©|Bi£ 
([11:10]) 50 3A»e>S?*ffltfcl 1 try b~ 

lOtfj/h (17) fe*aTKU^tL-CUl*+5*\ 

WteT hy*S 0 SOI 1 tfy h~l 0 h (VA 
[11:10]) 7§r^O**ai^1-5A>SrS^-t-5o 
[0 2 3 7] X©*#tt, 0 1 IC* LfcT K 

u.xru-f 4 o 2©*©ia#sz A5 o o) officio 
Tfluesiv gf&sz (500) a»&iE*iaLfcit#i 

©itB^- ^XiUKBi^l, <K$7 KV* 5 
05Ollfyh~10tryh (VA [11:10]) 

h tt£Z<DX\ &&T h'ls*5 0 5<E>1 1 tf 
y 1 0 tfy h (VA [11 : 10] ) 7 £^©£* 
ftllT Kl'*© 1 1 If y h~l 0 tfy h ( [1 1 : 1 

o] ) 2 1 1 LTtisa-t-ao 

[0 2 3 8] fl$SZ (5 0 0) ©WOOtl 

JS^— XA5 1 K B k t£ <9 , <5&T 5 0 5© 

1 1 tf y h~l 0 If y V (VA [11:10]) fUSS 
^#fi<t5©T, f-?7K4 0 3ffli« 

([11:10]) 5 0 3a»fett*UUfcl 1 tfy h~ 
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1, 7 2, 7 3) jo£Vf-V=L'( J t\'?9®&VM>\-<D&m 
It, 02C:^L7c7" Kl^TW 4 0 2 03^V- * 

[0 3 3 1] (4 3, 4 4) 14, *>&fl»C»V 

c c\zy]}f-^-i/^fiX\>"i)(DV, MOS h7^v* 
* (115, 116, 117, 223, 224) frbUt 



(4 3, 4 4) #©-#©«£#" L" iftSBfgflWltfj 
Kf4, *aE-f»Mf* (6 6, 7 1, 7 2. 7 3147-!; 

iftoTV^o 

[0 3 3 2] ~©fc«>, AND-OR-NOTg^y- 

MUB (3 3 4, 3 3 5) Offi^tt^T" L" l^oT 
*J»7, 2A^NAND0?S3 3 6©tU^2 2 (ftl7K 
V*) 14" H" iCfcoTV**, 

[0 3 3 3] *^T>r*ft^**Sri^, 
^ (4 3, 4 4) ©-##" L" fcftO, K*ULtt*s 
10ktlCtt-t^ll4 4#" H" fcft*. 

[0 3 3 4] «Jr*-f»R«*6 6** H° , fr=-f»R 
flH9-(7 1, 7 2, 7 3) jP" L' Otf, AND-O 
R-NOT*&y-M5IB3 3 4tt" L" 

[0 3 3 5] AND-OR-NOT«-g-y-M§IB3 3 
5», fra-fMRfi* (7 2, 7 3) L" ft© 

t?ffi^7H:° H" fcftS. 

[0 3 3 6] 2 A2JNAND0B3 3 6l^tt, AND- 
OR-NOTlg-§-r*-M3!g3 3 4 Jiitf AND -O R 
-NOTtt-S-y-MBBS 3 SOttifi" L" fcitT 
H" llfy f^©*38TKU^2 2 

14" H" fca!k5. 

[0 3 3 7] K*m-LtttfO0&tfcH:-fc>'Xft 

4 414" L" 

[0 3 3 8] px^Sfttt-H-e 6^5" H" , 7^WS^ 
{§-§•(7 1, 7 2, 7 3) d*" L" ©>t, AND-O 
R-NOTH-S-y— H3B3 3 4H:" H" S-ffi^-fSo 

[0 3 3 9] AND-OR-NOTS^— H5IB3 3 
5»4, *a-fajR«* (7 2, 7 3) &#\Z' L" ft© 
-C" H" fcft*. 

[0 34 0] 2 A^NANDSB3 3 6ICI4, AND- 
OR-NOTH^-MaBS 3 4j8J:tJ'AND-OR 
-NOTS^~MEl83 3 5Wffi^" H" iSA^I$ 
ttS/cft, lfy b4^©4WBTKV^22tt" L" fcfr 
5. 

[0 3 4 1] 01 4iZ.^rt^x^f±U9 9SM4 0 5T 

t>. Ka{t©*:»lcBS{i:Srf5'3i>f-fcu^^SB4 0 

5 AND-OR-NOT«^-y-MBB (3 3 
4, 3 3 5) oa*«*©Sct»±#5#3i<45J:5, 
AND-OR-NOT^-g-^-hSB (3 3 4, 3 3 
5) CPMOS Yy>*/X9<D#— MB&NMO.S }»7 

2 ±9 fc«<Rj£T$ 0 

[0 3 4 2] PH^tC, AND-OR-NOTf^'-h 
EB (3 3 4, 3 3 5) ©iU^J(4" L" A»P>" H" 
*»«flSL4^wta»b, NANDIHB3 3 6©ffi^m-§- 
©4*>Ti JI 9i3 J ii<ft5i:5(-, NAND0B3 3 6© 
NMOS YySx/Kftotf— UBS: P MOS h7^^ 
^iO^f <«mu fSSU#^(iS:Vc c/2«fci3l6 



[034 3] ZLtUcfcU, ir^;*& (4 3, 4 4) ID? 
:?IcJ:0''h" fcfcoTV*fc-fc>'*ll (4 3, 

4 4) roH&fl*, **y-fc/u;4»ib0£§S#ttiLfci:#" 

SttNl) *«RT*4. 

[0344] 016 tt, 013 (C^-f £3:^ Sftfff^g 

^@?SSrfflv>fc^<D-feu^ : ?igK4 0 6 0ls]!S«fiKSr 

[0 3 4 5 J 01 6K^1-feU^[H]l§4 0 6tt, 01 

[0 3 4 6] :<0t^?@K4 0 6{4, 

5 0 501 1 h~l 0 fy 1» (VA [1 1 : 1 
0] ) *JiO'7K^7H'4 0aiOt>'^i8 (4 3, 
4 4) Of^AAtU 09K^-fSW£SZ (5 0 
0) Offl[|cJ;9^Sjx5ir^^^$iJPft-§-l 4§rfflv^ 
T, f-?7W4 0 3O|« ([11:10]) 50 
3A>e>MUl 1 ITy h~l 0 ITS' b (17) , $> 
SVMi, <ggT KW*5 0 5<D 1 1 ITy h~l 0 try h 

(VA [11:10]) 7<E>Vvf*l,;a»£S&U 
■fcW^EMM 0 5|wiU^-f5o 

[0 3 4 7] 016I^T, 2iOAND-OR-N 
OT^y-MH]!S (3 3 7, 3 3 8) k. 2A*NA 

5tLTSi^L, 4t>^^o-fe^^^«>ai^$:^^-r 

3&{f^-(6 6, 7 1, 7 2, 7 3) IE* 9 
*WR WfeBT F>* 2 1 i L-CttW-f 5. 

[0 3 4 8] 01 6|C^1-feU^^l2]SS4 0 6 fii® 
T KV*5 0 5(0 1 1 tf y h~ 1 0 tTy b (VA [1 
1:10]) 7, 2b*V>li s f-^TH' 4 0 30ii 

([11:10]) 5 0 3*>fc|fi*ttJLfcl 1 tfy h~ 
1 0 tTy h (17) 0^-ftL*»-^SrilJ?1-S^#tt> 
0 8 V 1 9 [Hl?S 4 0 6 £ PI 3„ 

[0 34 9] 2<@©AND-OR-NOTlg-&y-h0 
% (3 3 7, 3 3 8) 2A^NAND[3Sg3 3 9£: 

#iff-S§-(6 6, 7 1, 7 2, 7 3) ©{6T;ft,tf»# fc y h © 
Ktt (" H" ) <Dt7^4<Dffi. (7 4, 7 5, 7 6, 7 
7) fcftarKl'*2 lfc'LTHJA't-5. 
[0 3 5 0] eLbSaHJ Lfci 5 It, X;ji£fc> 
5t7-^7'W4 0 3©t7t3/ hfcSVSt'*— S?# 
*t*5«*5 0 3 *ai*-fcU**IIItt4 0 5 
MIC, -<-^^X5r^i-^SZ (5 0 0) ©Itfci 
BffifflT K^*5 0 SZtomT Y\/*t LXihtfti 

-tttVt 0 6 Sr^f^Sr irf^-W X^T 

[0 3 5 1] 01 6fc*JVvCt>, T-^T Wif^tBt ... 



[0 3 5 2] -tU^^lHlK4 0 6 0amfJ7-K^ 

^rwfDsisz (500) ©(a^j:!jai^i- am^- 

[0 3 5 3] 01 6tCj3V^<b« 08 bfflmiz, ~— ^ 

[0 3 5 4] roi&frfifijf^lj, f-^TW^4 0 3 
©*Si&*x-y- *©J^1-5 rtTRCwi 5. 
[0 3 5 5] 0*mLibf^38/t&M<O-fe^«l (5 1, 5 

2) *m- h" fcyy-r-r-v^ft-cv^o-e, M«pfi 
•§-1 i{cie>-r, ■tri'^iHWM'^tt" h" tfc 

[0 3 5 6] ZOltlb, ±V?*1sl1&4 0 6tt, PMO 
Sh7^?2 2 8, NMOS hy>i?Xfi 1 2 4# 
ONU f-?7W4 0 3Ot^H (4 3, 4 4) 
©HfifcS^U !>i'ftV^i r @S4 0 5OAND- 
OR-NOTg^'-HEl?g3 3 7-*A:ftL-Cl^3„ 

[0357] :ni:it), ?^'(ti<'?*®l&4 0 5<o 

[0358] tt»uunfmttiCtttt« ^^-rs^ff-i- 

tt, ltfr!2Lfc«fc5K, T'y*-*— 5flcJ:»»— *£T©* 
^WSftft^fcy h©#® C H" ) fcfcoTtJO, 
■fe^^^^m^-1 4 t*7t" H" <0**-Cfe5o 

[0 3 5 9] Z <£>£#, ftJBTKU^tt, X— 
4 0 3<0^ ([11:10]) 5 0 3 frb&fritiZtl 
7tlltTyl>~10try hfc^C^o 

[0 3 6 0] x— 9T K403 ([11:1 

01 ) 5 0 3 7&>lb^*a}£ftfcKV h^0-rfc5#^ % 
■feV^iSSS 2 OfgtfcttTd* 9 , -feU^^I3!S4 0 6OA 

2) f*ff H" ri^" L" ^SEfcU AND-O 
R-NOTMy-Hll?S3 3 7|Ctt" L° &*.tl£tr. 

[0 3 6 1] n<D£#, itO!?X'fl^^Tf-^7 
W 4 0 3 ([11:10]) 503ri»P>0 ^SgSE 

^•tiiSftSfc, **-r»R«* <8'6, 71, 72, 7 

3) as&Jtl-SfltNJ:, !>x^t^^084O5roai?3 

[0 3 6 2] 01 5l:^tAND-OR-NOTS^ 

-^SK^c^sv^-c, a^6 hsxvg sic l" ©m-i- 

^A^^tlfc:^, teOA^J6 6*3^157 lldi fe-f A 
ND-O.R-NOTH^-HaKtt" H" SrliJ^ 

[0 3 6 3] Z<D1t#), ■£.X<DV=-'(frt>W.7*\&&fr1t 
tt#0T*3#&, AND-OR-NOTl^-Ha 
g (3 3 7, 3 3 8) 0Qai^7* 5 ^fc:" H" fc^t), NA 
ND0K3 3 9IC H" i5A^^tl57cfe^»aT Kt'^ 

2 1 at" L" 45. 

[0 3 6 4] X-WXAMKBWil, 



&SZ (5 0 0) A»kg!*ajLfc|fij& 5 lT\ -fc^^S 

4 o 6 o^j^m-^- 1 4 ^" L" KStJE-rSi, pmo 

5 h7>-/^^ 2 2 7*3,fct>'NMOS h?^*' 1 2 
2iSONfc&S 0 

[0 3 65] ^niCi*), tl/^^@J54 0 6^ 
7KU^50 5C1 ltfj/h~10tf3'h (VA [l 

1:10]) 7MRL', and-or-notm^ 
-h0!S3 3 7^A^Jl-5. 
10 3 6 6] Z<DbZ<D, (RJftT K^505Ol 1 \f 
V h~l 0 Ify b (VA [11:10]) 70<SiSl-C 
fcSflte. AND-OR-NOHM-^— M3R3 3 7 
Otb^tt" L" icSHfcU NORBK3 3 9fctt" L" 
jailF" H" ©ff-i-iSA^StL, H" 

[0 3 6 7] ffilEKSEfi, frf£08, 0 9-eafciPiLfcJ: 
Lfcc «>^*i/^^igiS4 0 6#J«*rtl» 

[0 3 6 8] ZOrji-S. y*EK©JB3W(l»fMrfipC 

■%mt lt, 016 -cb, Ei7 m^H-j: 5 1-, ^— 

t-fX^tS«SZ (5 0 0) orosiofc*, ^* 
f-^7W4 0 3<£>gi£ ([11:10]) 503 

(1 1 VTy f-~ 1 0 \fy Y) ICtt, AND-OR-NO 
TH*y-HSI» (3 3 7, 3 38) <DAJ]&" H" 2: 

*a* (i) £*t&tf<fc imm-tio 

[0 3 6 9] f»f-?7W 4 0 3<E>®& ([11: 
10] ) S03C (1) tr#*&tffc*K:te, 011^ 
tNO RGDS&3 0 1 nftx.T, O RISKS: fflvtUiJ: 

[0 3 7 0] t?^±Uj??®&40 5<D 

AND-OR-NOT^f- MeJJS (3 3 7, 3 3 
8) (OXM** H" irftO, ^-vHMXaMKBWi: 

[0 3 7 1] ^(0,t5»-s ^-fc^S Z (5 0 0) to®. 

6 1 T-fe y/9 ?@8S4 0 6 v 
j§£iC|i x x-*TW4 0 3<O®i$ ([11:1 

0] ) 5 0 3) ICfi, ^3i^-fe^^^lHl^4 0 5<DXtl 

[0 3 7 2] [JIJ£0tJ 3] *nMM 3 14, * 
*(§Jlg4 0 5;4Sig:fr|6]S)ft-f5<P&, 

[03 73] 01 8tt, y^MMM3(0±U^^\si^4 0 
6 o@gH(li*Sr*i-EI»a-Cfc "9,018 leSH-fe u * 

*0!g4O6fi, ea8I^L7b-fe^^^(HlS4 0 6©^ 
W<— *3 2 5 §r2A^^>NORlHl^3 4 O^Ufcts© 

[0 3 7 4] flljfENO RESS 34 0 A2»lwl2, 



^**MIP«*l4fcHa*©i*Hfc" L"'ife3J: 

tt, 0 8 l^-fvf * 3 2 5 OA^ft-i-* 5 ^©** 
A;*j£*t3, 

[0 3 7 5] rr-C, ■fe^*giS»*7 Bff-feV^^ 

*lf8B6flr*7 8jJS" L" NORE8&3 4 

0©Htf!jl9tt" L" ©**«flSL4V\ 
[0 3 7 6] CtLlCitJ, *S-5*!fvfXj9*4KB©i: 

#, *^*«W«*i4is" H" i»fe" L" lc£fc>5 
ttfc, gS^ttStl&m-ioT-t^i® (5 1, 5 2) © 
W^ftfllL-Ct, !>3^-feU^^B»4 0 5©A^m 

[0 3 7 7] IP*,, -fe^^«flfi-§-14#fltoei-5fiil 

fltjoD^3i>f-tu^^i5iK4 o 5 © A#fi-3-©£'ffc:£B& 

r, •>a-f*i'^*ia*4 o s<D&jjfamftzto<zk 

[0378] B 1 9 fit, 018 ItfiH-'fe^affcintti* 
7 8 tmAi-sattff-IS^JftEIBOISIWIIrtSr^i-IBlR 

0-Cfe5o 

[0 3 7 9] SSm^^S^W:, (3 0, 3 

1 ) Ottfito£fcft>&iKflr€-&£jfr*'£ 2 A^JN AN 
D@^3 4 1 fc, 9 (3 4 2, 3 4 3, 3 4 

4) fIfE2A^NANDEK3 4 1(0 

tftWOA^JIfftt, -trills ojaitHr^jalfcS 

[O38o]0i9 icj3v>T, aKflr»ftj«ia*a^«) 

ESStt, 02 1^-fT 2 0*7AE1S 

[0 3 8 1] #MHKJ§-Ctt, (3 0, 3 1)03 

5i5$m-^7 8tt" H" ©ttttfcfco-C^S. 
[0 3 8 2] 7-K*#atR**U «*ULIMfcft*fc* 
(3 0, 3D icfi«{£^a 5 £ 
L*. MOSl«7^^ (1 0 4, 1 0 5, 1 0 6, 2 

0 5, 2 0 6) fr&mrtSixS-fe^T^MMIte* 
rtf-J;!?, •fev^iH (3 0, 3 l) mott&SftfBIK 

[03 8 3] -mcj; 19 , * V^i^Ji^m-i- 7 8 
H" 38»6" L" Kfcft-*- 5o 

[0 3 8 4] C<Oirv^.i8SiiJi^-f-7 8SrS(t, 018 
\Z.7frp± 1/^SK4 0 6 tt-fe ^^iSSjiff * 7. 8 
L" Ofcf-O*, <EBr KV^S 0 5W 1 1 \fy b~l 
Otyh (VA [11:10]) 7, fcSV^Ii, 7*-^ 
7W4 0 3tf>fi^c ([11:10]) 5 0 3*»feBlE* 
tli^Hfcl l f y h~l 0 h (l 7) ov^-f*i4»Sr 

ffi^u tna^i*, 2A;foNOR|5]^g3 4 0fi , * 

[0 3 8 5] rOi^'lC, 0 1 8IC^1-feU^^lE]S4 

0 6-m, -tv^^KOWt^-i 4 kRiaflEoajaESrto 



* 7 8 £ 2 A^NO R0S3 3 4 0 <0-A 

[0 3 8 6] Z\<D£olZ, 2 A#NORtS?g3 4 0 OA 
i-**-Ctt, **-f-fcl'4'*'igi84O5 0AAflNS'tt* 

fls*?\ marYvxi m" l" &&o„ 

[0 3 8 7J * ^SllPfi* 1 4 as" H" a» 

K^*7£3ftLfc&» 1r^*lli§Jifi*7 8^" L" 
Iw/i5t, NORIUK3 4 0B>f>v*-*rfc UT®#, 

* 1^*0*4 0 6lcJ:9aiRL*«**rmAi-«. 
[0 3 8 8] 03^*V**HII54 0 5 & 

([11:10]) 5 0 3ri»e>gta*ffi£i1-fcl 1 tf 
?h~10tfy Y<D\Zy MSa^TW^aiWTl-Cfc 

Sfc, S?*-f Xtfi 4 KB-C, «aTKV/^5 0 
5(OlHfyh~10lfyh (VA [11 : 1 0] ) i&S 
Ot'featl, NOR0K3 4 OroA^ff-g-tt, 08, 

[0 3 8 9] Lft>lft;9*b« i=:>;*g!iI5£f§-§- 7 8 
ir wy *imiffi* ut B»*©ajS*J»oTWfci-a 
»»fc-*-5ifclCj:0, OR-AND-NOTS^y- 
M3B3 2 6tOA*Jtt, -feU^*«llPflr*14i«Wrt- 

[0 3 9 0] 4!W»*U -fe^in 

S5f It* 7 8 L" fcfcSi:, O R — AND — NOT 
HSK3 2 6©A*Kie, jS8TK^5 0B 

01 1 Cy h~l 0 fy 1- (VA [11:10]) a*A 

l'tt»fcL4v*©T" L" left 

[0391] :oi5i:« j?i-ft^^@^405 
rfc*<, r K^aenwmioJiaiSrKCwiras-e* 

[0 3 9 2] ft*S, HBfcJWfla^-i^-f XTO-fc 

KB*5«tV4KB0 2aHSO-^— 5?1r-r X<07 K^SJ 
*»«:BttH-5J:5K:Lfc;S*, *>MJfclc2«BI£U: 
O^-^lr-f X07 Ku^«ft»*IEtti-5 i t <b *IM 

[ 0 3 9 3 ] m 2 0 tt, lMrE*3llSW0>'<-S*!r-f XpJ 

2 Wi«±©'<-S?*-f X<DT K^^«*»*IEltt-« 
»-g-05^<-5?f->r X Pl^ir y h T y «>7f-f T'T L B © 
SS&fc^-f-^n y^ElTfo-5, 

[0 3 9 4] b# % 02 0m 1 !?3;-f^L*»H5%L 

[0 3 9 5] ^H^ro^-v^XpT^-fe y hTV^ ... 



-s^^xorK^*lft»SrE«rt-a»&tett, 02 

0 \Z7jk-ti. 5 |C, 01 Iw^-fT K^T W4 0 2O^ 
-S?*-fX«:B*1-5««SZ (5 0 0) £«&©8U£ 
(5 00a, 500b~500n) |!l$HW1-5 0 
[0 3 9 6] BC<, f-^7W4 0 3O ( ^> hU 
fel^-^f-'fXaJ^fci^irlC.to-C, 
Kw^fc45*\ ^-i?#*£fc5a»as£fc1-3lfy b 
&gor y hilSrlEiS-f 5®«5 0 3 t-tnK'g'fc^T 
^!Bc<D®*£ (503a, 503b~503n) 

[0 3 9 7].**:, f-?7W4fl 3<0#f!l$iXfc® 
Jgc(50 3 a, 50 3b~50 3n) a^foSS^Bi Lfc* 

0 5|CA*S*l*fl[ft«)-lrU^^BK (406a, 40 
6 b~4 0 6 n) ©-^OA^SS^fcA^rtS. 
[0 3 9 8] rrt, ®&<D1zU??®& (4 0 6a, 
406b~406n) roftfe^OA^S^f^tt, A*$ft 

[0 3 9 9] aStO-t^^^ElK (4 06a, 406b 
~4 0 6n) tt, 7^7^4 0 2^11$^ 
$ (500a, 5 00 b~5 0 On) a»&Sg*iiJL*:*- 

[0 4 0 0] ww-C, ^(DNANDEK (3 0 2 a, 

3 0 2 b~3 0 2 n) tt, BlfcRC<, *MWt*l 1 
Si9f-*7W4 0 SOjMHSftfcWK (5 0 3 

a, 5 0 3 b ~5 0 3 n) a^^dJLfe-tiX-^tT-Wr 
KU^S:, ISftOtU^^BK (4 06a, 40 6 b~ 

4 o 6 n) -erai-afc&icRtr&Jx-cv**. • 
[0401] H2is, mtzG-mMmo-^-wj xsi 

2«HB.k©-<— :*!r-rx©r Ku^ism»tE»f-5 
[0402] ttrfE^lllfigijro^— v?f"W XSI^-fe y h r 

y^rf^^TLBICjSV^T, 3:^b yS»i2S|g^± 

o^-^w xor Kv^*ift#*iaiti-«»*tett» 

3^1/- ^4 0 4^*3^^ 
4 0 2 ©^fj Stlfcffl* (500a, 500b~500 
n) ^fett^fflLfc-ttl^iXOlt (1 6 a, 16b~l 
6n) ^S-^^T, TKU^WlfclMSH GfitSfiH) S: 

[0403HCS:!!), @2 l^-r,t5^> 
R»#«*igKfc. T Kuxr W 4 0 2©##J£ftfc 
^® (500a, 500b~500n) i^B^Hi Lit 
^tl-t'tlOfil (16a, 1 6 b — 1 6 n) —j5<D\ 
**HFfcA*S*l5aft©NANDI3H (3 13a, 3 
I3b~313n) feRlt, NAND0J5 314 

S: (n+ 1) A^ONAND083 14a t1"3 a 

[0 4 0 4] rniC±9, 7K^7W4 0 2O4MM 



(5 0 0 a, 5 0 0 b~5 0 0 n) 
fULtMfi (1) <0>£|C, &&©NAND|£]B (3 1 
3a, 313b~313n) ©tiJ;*J&" H" t L"C, 
(1) &%tfrth£tlt.T Kl^^7W4 0 2©#i!l£n 
fcsSiSt (5 0 0 a, 5 00b-5 0 0n) lu^tSffi 
SOT Kv*£T Kv*©tttfc®li (Sit&SiH) a»$>& 

[04 0 5] u± y *%wzmfcm^m<5% Mrttmztsi 

[0 4 0 6] 

[0 4 0 7] (1) #38«|i:J:tUi, 7K^7WO 
31 2 ©«*c-<- v^W X**i-«SrE« U 120® 

h £fcj6*TOi:*!J, *fc, Xtf 

[0 4 08] (2) ;$3&!Blv£ftt£. 7KWWO 
t (gig 7 K fr&tfc-t 3 av^u-^aBkL 

[0 4 09] (3) *JM!lcJ:*i,tf, WROf-^ru 
-ro»2©tW*t, ^fcifcSVMiO tic 
B*fflUttffcfl*Bltt3;ivct>, H©tH^ 

[0 4 10] (4) *»?!3teJ:*Ui, m2-feu^^©m 
[01] *»WO-|t»«T*)i (HKS^Jl) TifcS^ 

[0 2 ] ei i tzTfct* zmm-z l*y\>& 

©fctt0»0A{t^40K*#&^igBBT*>*. 

[0 3] 0 2lc^-f-3>/>u-:?c75i!i^iS^5r^i"0-e 

[04] 0 2lc^-fi f y h^©ltttSK©ta*A»6, 



[05] HHw*"*" *«^*i'7*BB©Aitt&*BB 
[06] 05Kij*1-OR-AND-NOTlg-£-<7 T -h[5] 

0- Cfc5. 

[0 7] B5K5^9^*U7*BB©ft1H!HgSCT 

[08] 01 u * * @B©le]B«j££^1-|ElB 

0t?fe5, 

[09] BllcSi-^-^-fXSrBflrt-aUKSZO 
R*tt Lfc,fctf##&*ISlB©II]B«/&£^-t-[H]B0T 

fo<5 0 

[0io] *JHfe0l l 0 1 l-^-r^-vf-i' 

[011] 01 oicij*i^*&#©«lli*S©ab*fc3« 

1- Bhrkfi. 

[012] BSlciPi^u^EIBaaitFBi 0©IMP 

[013] jtttffl2©9x>ra*{t-iHB£BB©BB4fi 

**r>i* , *13BB-C*>5. 
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